US 2004/0018611 Al

then be used for attachment. Preferred functional groups for
attachment are amino groups, carboxy groups, 0X0 groups
and thiol groups. These functional groups can then be
attached, either directly or indirectly through the use of a
linker, sometimes depicted herein as “Z”. Linkers are well
known in the art; for example, homo-or hetero-bifunctional
linkers as are well known (see 1994 Pierce Chemical Com-
pany catalog, technical section on cross-linkers, pages 155-
200, incorporated herein by reference). Preferred Z linkers
include, but are not limited to, alkyl groups (including
substituted alkyl groups and alkyl groups containing het-
eroatom moieties), with short alkyl groups, esters, amide,
amine, epoxy groups and ethylene glycol and derivatives
being preferred, with propyl, acetylene, and C, alkene being
especially preferred. Z may also be a sulfone group, forming
sulfonamide linkages.

[0264] In this way, capture binding ligands comprising
proteins, lectins, nucleic acids, small organic molecules,
carbohydrates, etc. can be added.

[0265] A preferred embodiment utilizes proteinaceous
capture binding ligands. As is known in the art, any number
of techniques may be used to attach a proteinaceous capture
binding ligand to an attachment linker. A wide variety of
techniques are known to add moieties to proteins.

[0266] A preferred embodiment utilizes nucleic acids as
the capture binding ligand. While most of the following
discussion focuses on nucleic acids, as will be appreciated
by those in the art, many of the techniques outlined below
apply in a similar manner to non-nucleic acid systems as
well.

[0267] Thus, one end of the attachment linker is attached
to a nucleic acid (or other binding ligand), and the other end
(although as will be appreciated by those in the art, it need
not be the exact terminus for either) is attached to the
electrode.

[0268] In a preferred embodiment, for “electron transfer
mode” systems that utilize “sandwich” type assays, the
compositions further comprise a solution or soluble binding
ligand. Solution binding ligands are similar to capture bind-
ing ligands, in that they bind, preferably specifically, to
target analytes. The solution binding ligand may be the same
or different from the capture binding ligand. Generally, the
solution binding ligands are not directed attached to the
surface. The solution binding ligand either directly com-
prises a recruitment linker that comprises at least one ETM,
or the recruitment linker binds, either directly or indirectly
to the solution binding ligand.

[0269] Thus, “solution binding ligands” or “soluble bind-
ing ligands” or “signal carriers” or “label probes” or “label
binding ligands” with recruitment linkers comprising
covalently attached ETMs are provided. That is, one portion
of the label probe or solution binding ligand directly or
indirectly binds to the target analyte, and one portion com-
prises a recruitment linker comprising covalently attached
ETMs. The terms “electron donor moiety”, “electron accep-
tor moiety”, and “ETMs” (ETMs) or grammatical equiva-
lents herein refers to molecules capable of electron transfer
under certain conditions. It is to be understood that electron
donor and acceptor capabilities are relative; that is, a mol-
ecule which can lose an electron under certain experimental
conditions will be able to accept an electron under different
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experimental conditions. It is to be understood that the
number of possible electron donor moieties and electron
acceptor moieties is very large, and that one skilled in the art
of electron transfer compounds will be able to utilize a
number of compounds in the present invention. Preferred
ETMs include, but are not limited to, transition metal
complexes, organic ETMs, and electrodes.

[0270] Inapreferred embodiment, the ETMs are transition
metal complexes. Transition metals are those whose atoms
have a partial or complete d shell of electrons. Suitable
transition metals for use in the invention include, but are not
limited to, cadmium (Cd), copper (Cu), cobalt (Co), palla-
dium (Pd), zinc (Zn), iron (Fe), ruthenium (Ru), rhodium
(Rh), osmium (Os), rhenium (Re), platinum (Pt), scandium
(Sc), titanium (Ti), Vanadium (V), chromium (Cr), manga-
nese (Mn), nickel (Ni), Molybdenum (Mo), technetium (Tc),
tungsten (W), and iridium (Ir). That is, the first series of
transition metals, the platinum metals (Ru, Rh, Pd, Os, Ir and
Pt), along with Fe, Re, W, Mo and Tc, are preferred.
Particularly preferred are ruthenium, rhenium, osmium,
platinum, cobalt and iron.

[0271] L are the co-ligands, that provide the coordination
atoms for the binding of the metal ion. As will be appreciated
by those in the art, the number and nature of the co-ligands
will depend on the coordination number of the metal ion.
Mono-, di- or polydentate co-ligands may be used at any
position. Thus, for example, when the metal has a coordi-
nation number of six, the L from the terminus of the
conductive oligomer, the L contributed from the nucleic
acid, and r, add up to six. Thus, when the metal has a
coordination number of six, r may range from zero (when all
coordination atoms are provided by the other two ligands) to
four, when all the co-ligands are monodentate. Thus gener-
ally, r will be from O to 8, depending on the coordination
number of the metal ion and the choice of the other ligands.

[0272] In one embodiment, the metal ion has a coordina-
tion number of six and both the ligand attached to the
conductive oligomer and the ligand attached to the nucleic
acid are at least bidentate; that is, r is preferably zero, one
(ie. the remaining co-ligand is bidentate) or two (two
monodentate co-ligands are used).

[0273] As will be appreciated in the art, the co-ligands can
be the same or different. Suitable ligands fall into two
categories: ligands which use nitrogen, oxygen, sulfur, car-
bon or phosphorus atoms (depending on the metal ion) as the
coordination atoms (generally referred to in the literature as
sigma (o) donors) and organometallic ligands such as met-
allocene ligands (generally referred to in the literature as pi
() donors, and depicted herein as L, ). Suitable nitrogen
donating ligands are well known in the art and include, but
are not limited to, NH,; NHR; NRR'; pyridine; pyrazine;
isonicotinamide; imidazole; bipyridine and substituted
derivatives of bipyridine; terpyridine and substituted deriva-
tives; phenanthrolines, particularly 1,10-phenanthroline
(abbreviated phen) and substituted derivatives of phenan-
throlines such as 4,7-dimethylphenanthroline and dipyridol
[3,2-a:2',3'-c]phenazine (abbreviated dppz); dipyridophena-
zine; 1,4,5,8,9,12-hexaazatriphenylene (abbreviated hat);
9,10-phenanthrenequinone diimine (abbreviated phi); 1,4,5,
8-tetraazaphenanthrene (abbreviated tap); 1,4,8,11-tetra-
azacyclotetradecane (abbreviated cyclam), EDTA, EGTA
and isocyanide. Substituted derivatives, including fused



